SUMMARY The intestinal absorption of (3H)cholecalciferol was studied in five patients with alcoholic liver disease, six patients with primary biliary cirrhosis, and 15 healthy subjects. The rate of appearance in plasma of (3H)cholecalciferol after oral ingestion and the subsequent appearance of (3H) polar metabolites in the alcoholic subjects were similar to those in the healthy subjects. In subjects with primary biliary cirrhosis the rate of appearance in plasma of (3H)cholecalciferol was significantly reduced. The rate of appearance of labelled polar metabolites-of cholecalciferol was also lower in this group, suggesting that increased removal of labelled vitamin by conversion into more polar metabolites could not account for the reduced plasma (3H)cholecalciferol response.
Chronic liver disease is not infrequently complicated by the development of bone disease, hepatic osteodystrophy, which includes osteomalacia and osteoporosis or a combination of both. Osteomalacia typically occurs in cholestatic disorders (Atkinson et al., 1956; Kehayoglou et al., 1968; Compston and Thompson, 1977) but is occasionally observed in hepatocellular disease such as active chronic hepatitis and alcoholic liver disease . Osteoporosis has been reported both in hepatocellular and cholestatic liver disease (Atkinson et al., 1956; Wagonfeld et al., 1976; . Malabsorption of dietary calcium occurs in cholestatic disease and to a lesser extent in chronic parenchymal liver disease, and this has been attributed to vitamin D deficiency (Kehayoglou et al., 1968; Whelton et al., 1971) . 25-hydroxycholecalciferol (25(OH)D) which is formed in the liver is the precursor of the hormonally active renal metabolite 1,25-dihydroxycholecalciferol (1,25(OH)2D3) (Fraser and Kodicek, 1970) . Low plasma concentrations of 25(OH)D occur in a wide spectrum of chronic liver disorders, both chole-'Address for correspondence: Dr J. M. Barragry, Department of Medicine, King's College Hospital, London SE5 9RS.
Received for publication 1 February 1979 static and hepatocellular (Wagonfeld et al., 1976; Hepner et al., 1976; Long et al., 1976) (Krawitt et al., 1977) , while a diminution in skin synthesis of cholecalciferol in jaundiced patients cannot be discounted.
There have been few previous studies of vitamin D absorption in patients with chronic liver disease. The experimental procedures used in some of these studies have either involved the ingestion of unphysiological amounts of cholecalciferol or 25(OH)D, or have not taken the enterohepatic circulation of metabolites into account, or have had to make assumptions about the effects of differing removal rates of the vitamin from the plasma (Thompson et al., 1966; Stamp, 1974; Compston and Thompson, 1977 ). An alternative method of measuring vitamin D absorption using tracer doses of labelled cholecalciferol has recently been developed (Barragry et al., 1978) . Using this technique we have studied cholecalciferol absorption in groups of patients with primary biliary cirrhosis (PBC) and alcoholic liver disease (ALD).
Methods

SUBJECTS
Approval for these studies was obtained from the Ethical Subcommittee and informed consent was obtained from both patients and control subjects. Eleven patients (10 female and one male) were studied. Their ages ranged from 32 to 69 years. Diagnoses were based on existing clinical findings, biochemical measurements and liver biopsies (Table) . Five patients had alcoholic liver disease and six had primary biliary cirrhosis, the latter staged histologically according to the method of Scheuer (1967 Edelstein et al. (1974) with rat kidney binding protein (Haddad and Chyu, 1971) . The vitamin D absorption test procedure was performed using the method of Barragry et al. (1978) . Subjects fasted for 12 hours before ingesting 6 ,uCi of (la,2a(n)-3H)Vitamin D3, specific activity 12-3 Ci/mmol (The Radiochemical Centre) with a 30 g lipid breakfast. The total amount of vitamin D administered in this way was 95 IU (2-4 pug). Venous blood samples drawn at hourly intervals for six hours were subjected to a lipid extraction procedure (Folch et al., 1957) . Separation of (3H)cholecalciferol from its polar metabolites (mainly 25(OH)D) was effected using silica gel column chromatography (Barragry, 1977) . Radioactive counting was performed on a Nuclear Enterprises NE 8312 liquid scintillation spectrometer. The plasma content of radioactivity was calculated and expressed as a percentage of the dose of label administered assuming a plasma volume of 5 % of the body weight. The conversion of (3H)cholecalciferol into its more polar metabolites was calculated by expressing at each sampling time the radioactivity associated with polar metabolites of cholecalciferol as a percentage of the total (that is, the sum of plasma (3H)cholecalciferol and (3H) polar metabolites) plasma radioactivity at that time (polar/total, P/T). Plasma triglyceride concentrations were measured in the fasting state and at hourly intervals after the ingestion of the lipid meal using the method of Eggstein and Kreutz (1966) .
The statistical significance of differences between the means in the groups studied was evaluated using Student's t test and, where variances were nonhomogeneous or if there were gross non-normality, by use of the Mann-Whitney U test (Siegel, 1956 ).
Results
The Table shows the biochemical values in the two groups of patients with chronic liver disease. The mean plasma 25(OH)D level in the ALD group was 4-4 ± SE 1-6 ng/ml (11-0 ± SE 4-0 nmol/l) and was significantly lower (p < 0-01) than that of the control group (40-7 ± SE 6-6 ng/ml, 102 + SE 16-5 nmol/l). Normal ranges are shown in parentheses.
Intestinal absorption of cholecalciferol in alcoholic liver disease and primary biliary cirrhosis
Most of the subjects with PBC were receiving vitamin D supplements and, while the mean plasma 25(OH)D value, 19-7 ± SE 14-5 ng/ml (49 3 + SE 36-2 nmol/l), was lower than that of the control group, the groups were not significantly different (p > 0-05). The differences between the plasma 25(OH)D levels in the ALD and PBC groups were not significant (p > 0-05).
PLASMA (3H)CHOLECALCIFEROL RESPONSE (Fig. 1) After the oral administration of (3H)cholecalciferol the plasma (3H)cholecalciferol values in the ALD group were somewhat lower than the control group, reaching six-hour levels of 91 ± SE 1P5% and 12-3 ± SE 1 0% respectively of the dose of label administered. However, the differences between the groups were not significant (p > 0-05). In subjects with PBC the plasma (3H)cholecalciferol response was substantially lower than in the control group with a mean six-hour value of 4-6 ± SE 1 6%. The differences between the means of these two groups were significant at four, five (p < 005), and six hours (p < 001). Two of the lowest responses observed occurred in the patients on cholestyramine therapy. The (3H)cholecalciferol response in the PBC group was not significantly different from the ALD group (p > 005).
PLASMA (3H) POLAR METABOLITE RESPONSE (Fig. 2) The plasma (3H) polar metabolite response was similar in the ALD and control groups with six-hour values of 146 ± SE 2-8% and 15-9 ± SE 25% respectively (p > 0 05). In subjects with PBC the response was lower throughout compared with the control group, and the six-hour value was 2 5 + SE 1 2 %. The differences between these groups were significant at three and four hours (p < 0 05) and five and six hours (p < 0 01). The differences between the PBC and ALD groups were significant at three hours (p < 0-05), four, five, and six hours (p < 001). The polar/total (P/T) values in the ALD group were somewhat greater than those of the control group o y but the differences were not statistically significant.
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The P/T values in the PBC group were lower than time (hours) those of the control and ALD groups and the (Fig. 4 ) In order to establish whether an alteration in gastrointestinal motility might account for differences in (3H)cholecalciferol absorption, the timing of the peak triglyceride response after the ingestion of the lipid meal was compared in all three groups. By subtracting the fasting triglyceride concentration from each hourly value the peak plasma triglyceride response was seen to occur at three hours in the control group and at five hours in the ALD group. The peak response was less well defined in the PBC group in which, after an initial rise, there was little change between two and five hours. appearance of (3H) polar metabolites in the plasma.
im45hours6
The polar/total radioactivity ratio allows the removal time (hours) of absorbed labelled vitamin by hydroxylation into Plasma (3H) polar metabolite response after an polar metabolites (mainly 25(OH)D) to be taken into se of (3H)cholecalciferol expressed as a percentage account. With the use of this procedure the intestinal I plasma (3H) radioactivity in control (0), absorption of cholecalciferol in alcoholic liver A) and PBC (a) subjects. (Mean ± SEM).
disease, which to our knowledge has not previously been defined, has been studied and found to be correlation was observed between the plasma normal. The conversion of absorbed labelled chole-I)D levels and the plasma (3H)cholecalciferol calciferol into its polar metabolites (mainly Intestinal absorption of cholecalciferol in alcoholic liver disease and primary biliary cirrhosis 563 25(OH)D) was also normal and this conflicts with the recent work of Jung et al. (1978) . However, in this latter study the intravenous administration of labelled vitamin in ethanol which has an 'artefactual' effect on hepatic 25-hydroxylation ) must be taken into account and the two studies are thus not strictly comparable. In the light of the present findings it is probable that the low plasma 25(OH)D levels observed in ALD both in this and in previous studies (Hepner et al., 1976; Long et al., 1976) , and possibly the susceptibility of such patients to osteomalacia, may reflect a dietary deficiency of vitamin D or inadequate exposure to sunlight, or perhaps enzyme induction with formation of metabolites other than the hormonally active 1,25(OH)2D3 .
After oral administration of (3H)cholecalciferol the plasma (3H)cholecalciferol response was significantly lower in the PBC group than in the ALD or control groups. The peak triglyceride response in the PBC group was poorly defined compared with that in the other two groups. However, such differences as were apparent in the pattern of the triglyceride response in the PBC and ALD groups could not account for the marked difference in (3H)cholecalciferol responses. These findings suggest that alterations in gastric emptying and transit time were not responsible for the observed difference in cholecalciferol absorption. It is also improbable that an enhanced rate of removal of absorbed (3H)cholecalciferol by conversion into active polar metabolites could account for the reduced (3H)cholecalciferol response in the PBC group: in such circumstances a comparable total level of (3H) plasma radioactivity and increased (3H) polar metabolite and P/T values would be expected, whereas a different pattern is seen with lower total (3H) plasma radioactivity, lower (3H) polar metabolites, and P/T values. A difference in the size of the circulating pool of stable cholecalciferol would also result in an altered plasma (3H)cholecalciferol response in the PBC subjects compared with the other groups. However, although cholecalciferol levels have not been measured, it is usually assumed that they are directly related to the measured plasma 25(OH)D concentration (Krawitt et al., 1977) and hence not likely to be significantly different in the PBC group compared with the control group. For these reasons we suggest that the reduced plasma (3H)cholecalciferol response in the PBC subjects is indicative of impaired absorption of the labelled vitamin. It therefore appears that vitamin D malabsorption is a major factor in the pathogenesis of the low serum 25(OH)D levels and osteomalacia seen in PBC patients. The strong association between steatorrhoea and malabsorption of vitamin D in eholestatic liver disease (Thompson et al., 1966; Krawitt et al., 1977) reflects the critical importance of adequate intraluminal bile salt concentrations for vitamin D absorption. It is of interest that the two subjects in this series receiving cholestyramine therapy had extremely low plasma (3H)cholecalciferol responses. This compound, which binds bile salts in the intestine, interferes with cholecalciferol and 25(OH)D absorption (Thompson and Thompson, 1969; Compston and Thompson, 1977) and can cause osteomalacia in man (Heaton et al., 1972) .
The reduced (3H) polar metabolite response and P/T values in the PBC group indicate a reduction in hepatic 25-hydroxylation of absorbed label. Despite previous supplementation with vitamin D2, the mean plasma 25(OH)D level in this group was not significantly different from the control group mean and, as indicated above, the size of the circulating pool of stable cholecalciferol is unlikely to have been substantially different in the two groups. For this reason it is improbable that the significant reduction in plasma (3H) polar metabolite response and P/T values could reflect removal of absorbed (3H)cholecalciferol by means other than hepatic 25-hydroxylation (Mawer et al., 1971) . Moreover, a similar reduction in (3H) polar metabolite and P/T responses was seen in two PBC subjects who had not been repleted with vitamin D. These findings are compatible with a defect in hepatic 25-hydroxylation of absorbed cholecalciferol and are in agreement with the conclusions of Wagonfeld et al. (1976) . We infer that both malabsorption of cholecalciferol and reduced 25-hydroxylation contribute to the low plasma 25(OH)D levels in subjects with primary biliary cirrhosis. Skinner et al. (1977) have shown that patients with PBC are capable of 25-hydroxylation of vitamin D, as they eventually attain normal plasma 25(OH)D levels while on long-term (six to 72 months) treatment with 100 000 units of ergocalciferol monthly. However, after a single injection of ergocalciferol, their subjects did not show a significant increment in plasma 25(OH)D levels, unlike normal subjects or those with nutritional osteomalacia. These observations taken in conjunction with the present study suggest that there is an impairment of hepatic 25-hydroxylation of cholecalciferol in PBC which can, however, be surmounted by prolonged parenteral administration of large doses of vitamin D.
